Understanding the effects of spatial variability on hydrologic parameters and nutrient source load distribution is essential to develop water quality improvement programs. The objective of this research was to evaluate spatially distributed hydrologic variability, nutrient sources, and their loadings at the watershed scale using a modeling approach. The Soil and Water Assessment Tool 
INTRODUCTION
The responses of the watershed on hydrology and nutrient source loads are dependent on spatially variable watershed parameters such as topography, soils, land use, and watershed managements including human activities. Human activities affect in generating and carrying pollutants such as sediment, nitrogen, and phosphorus. Such diffuse pollutants can affect the quality of ground water, surface water, and the aquatic environment causing eutrophication (Davis & Koop ) .
Water quality pollutants such as sediment and nutrients can cause environmental and economic problems if the receiving water body is polluted to the eutrophication level (Mainstone et al. ; Smith ) . Eutrophication is typically measured as an increase in the primary production of algae, which then leads to a number of considerably undesirable changes that include a reduction in water clarity and a shift towards less diverse plant and animal communities (Foy ) . Changes in trophic status and nutrient supply can influence the dominance and succession of specific algal communities, some of which release toxins that threaten public and animal health (Codd et al. ) . The costs of the water treatment and the potential damage to recreation, amenity and property values can be significant (Pretty et al. ; Bateman et al. ) . Agricultural activities are among the major pollutant sources that deteriorate surface and ground water resources in the United States (USEPA ).
Spatial variations of topography, soils, land use, and agricultural management may produce significantly different results on hydrology (Huang & Lee ) . Wang et al. () recommended that the land use-soil interactive effects should be considered to develop the best management practices for improving watershed health and sustainability. Growing agricultural and non-agricultural activities in the UPRW have posed increasing threats to the water quality of the Pearl River and its tributaries including the RBR. Therefore, it 
Model description and input
The SWAT model is a physically based watershed-scale model with semi-distributed parameters that operates on a 
SWAT model calibration and validation
The parameters in the SWAT 2005 were manually-calibrated in this study since Green & Griensven () suggested this is the preferred method of calibrating the model. Six parameters that influence the prediction of stream flow were calibrated in this study (Table 1 ). These parameters were the curve number (CN), soil evaporation compensation factor (ESCO), base flow alpha factor (ALPHA_BF), surface 
Coefficient of determination (R 2 )
The R 2 value measures the evenness of the measured vs.
model-predicted values that corresponds to the best fit line (Equation (1) is not recommended to be used alone (Maidment ).
where, O is the measured runoff (mm), P is the predicted runoff (mm), i is the time of the sample measurement, n is the total number of measurements, and the overbar denotes the mean (measured or predicted) runoff (mm) for the entire time period of the evaluation.
Nash-Sutcliffe model efficiency index (E)
The E The E is calculated using the following equation.
where, O is the measured runoff (mm), P is the predicted runoff (mm), the overbar is the mean (measured or predicted) runoff (mm) for the entire time period of the evaluation, i is the time of the sample measurement, and n is the number of sample measured.
RESULTS AND DISCUSSION
The long-term monthly stream flow calibration and validation results at the Lena USGS gauge station, model verification of using 12 daily observed storm events, and the model-predicted spatial variability of water yield, sediment yield, TP, and TN yields from the watershed subbasins, and the RBR inlet are presented in the following sections.
Calibration and validation
The SWAT model was calibrated (from October 1997 to simulation provided confidence that the further application of the model to assess hydrologic responses, sediment, and nutrient yields analysis due to spatial variability of the watershed characteristics will have minimal bias.
Spatial variability
The SWAT model-predicted average annual water yield (mm), sediment yield (t ha À1 ), TP yield (kg ha showed that there was up to 326% difference between subbasins ( Table 2 ). The average monthly water yield from the sub-basins were generally correlated with the size of the sub-basins as expected as the larger size of the sub-basin collects more water that leaves the field (Figure 1 , Table 2 ). However, the water yield outputs could be also influenced by the slope and precipitation input to the subbasins. Sub-basin 21 had the least amount of annual average water yield (206 mm), whereas sub-basin 7 had the greatest annual average water yield (877 mm) in this study. 
CONCLUSIONS
The objective of this research was to identify spatially variable hydrologic conditions and nutrient sources in the UPRW using a modeling approach. The SWAT model was calibrated (1997-2002) and validated (2003-2010) 
